Extracellular material produced by Venturia inaequalis (the apple scab disease organism) formed a tightly bound complex with silver. The silver complex (in aqueous solution) was taken up by whole detached apple leaves (cultivar MM 109) and was observed in the petiole cytoplasm as ribosome-like particles. Diffuse deposits of silver were observed in the cell walls.
S U M M A R Y
Extracellular material produced by Venturia inaequalis (the apple scab disease organism) formed a tightly bound complex with silver. The silver complex (in aqueous solution) was taken up by whole detached apple leaves (cultivar MM 109) and was observed in the petiole cytoplasm as ribosome-like particles. Diffuse deposits of silver were observed in the cell walls.
The silver complex was also taken up by a proportion of the particles present in ribosome preparations made from apple-leaf tissues and from bacterial cultures. Such complexed ribosomes were apparently swollen by internal adsorption of the substance, some showing (in the electron microscope) a faint halo round the central core; the cleft between the sub-units was visible. Comparatively few ribosomes from Pseudomonas rnors-prunorurn showed strong affinity for the silver complex. The ribosomal particles were similar in most respects to the particles seen in treated leaf petioles. Silver-complexed particles prepared from isolated ribosomes were degraded by 'Pronase' to ragged skeletal remnants which were further digested by pancreatic ribonuclease. The latter enzyme did not attack intact particles.
The results support evidence from earlier work that the progress of the disease is partly controlled by the effects of fungal pigments on host solute transport (possibly mediated via the cell-wall membrane system) and on hormone-controlled plant metabolism and photosynthesis (via the protein-synthesizing system).
I N T R O D U C T I O N
Coloured substances made by the plant pathogen Venturia inaequalis have been shown to be closely implicated in the progress of the apple scab disease (Hignett & Kirkham, 1967; Kirkham & Hignett, 1973) .
The extracellular metabolites produced in culture are unstable complex compounds (molecular weight range 5000 to 70000 by gel filtration) containing amino acids, longchain fatty acids, phosphorus and melanin; further details will be published elsewhere. The material used in these studies, generally referred to as pigment, is totally water-soluble and polydisperse in the ultracentrifuge. The individual components present have not yet been fully investigated. The work reported here was an attempt to discover the site of action of fungal pigment in the host plant. To this end, fungal pigment was isolated and labelled with silver, thereby rendering at least part of it electron-opaque and visible in treated tissue under the electron microscope. Some of the initial results have been published (Hignett, 1969 
METHODS
Ventuvia inaequalis was grown on 10 % 'Oxoid' malt extract (0x0 Ltd., London) or on basal medium augmented with apple-twig extract (Kirkham & Hignett, 1973) . The published method was moclified by the use of aqueous extracts (100 "C, 6 h) of shredded oneyear-old Edward VII tvvigs ; and the methanol-butanol extraction was omitted.
Extracellular pigment was isolated (Hignett & Kirkham, I 967) and the fraction precipitated by 75 % ethanol was dialysed, mixed with AgNO, (final concentration 0-1 M) and immediately dialysed at. room temperature to remove excess silver. The product was concentrated and filtered (0.45 pm membrane filter, Millipore Ltd., London) before use.
Fast-growing leaves of apple cultivar MM I 09 were detached complete with petioles (length 20 mm approx.) and the cut ends placed in a solution of the pigment silver complex (P-Ag, 7 mg/ml) for I h. Petroleum jelly was applied to the petioles to prevent fluid creeping along the surfaces. Sections of petiole were then taken adjacent to the leaf blade, fixed in 5 % (vlv) formalin, dehydrated stepwise with alcohol and embedded in 'Epon' (Taab Laboratories, Reading, Berkshire). Control samples were taken from leaves that had been similarly treated with 0.1 mM-AgNO, or with silver-nitrate-treated bovine serum albumin or bovine pancreatic deoxyribonuclease.
Ribosomes were isolated from apple leaves (cultivar MM ~og), which were ground to a slurry in ice-cold buffer (0.1 M-tris-HCl, pH 7.6, containing 0.01 M-KCl, 0.015 M-Mgcl,, 10 % 'Tween' 80 from Koch-Light Ltd., Colnbrook, Buckinghamshire, and 0.005 M-Pmercaptoethanol), with acid-washed sand (wlw) in a cold mortar. The slurry was filtered under pressure on to Bentonite (2 mg/ml) and then centrifuged at 40000g for 40 min. Ribosomes were pelleted from the supernatant at 120000g for 90 rnin and resuspended in buffer. The suspension was layered on to a sucrose gradient (5 to 20 % w/v in buffer without 'Tween' or mercaptan) and spun at 35000g (average) for 2 h. The ribosomal fraction was then taken slowly from the bottom of the tube with a hypodermic needle. Bacterial ribosomes were prepared from cultures of Pseudomonas mom-prunorum after the bacteria had been disintegrated with glass ballotini for 15 min in a Mickle shaker (Mickle Engineering, Gomshall, Surrey) with the same buffer. Ribosomes were recovered from the cell sap (140000g, 2 h) after removal of bacterial debris in the centrifuge at 40000g for 30 min. A trace of deoxyribonuclease was added to all preparations at the first cell-free stage. Ribosomes were mixed with P-Ag (5 mg/ml) and left for 10 rnin at 20 "C. Samples were loaded on to electron-microscope grids, left for 5 rnin and then rinsed with water.
Enzymic digestions with ' Pronase' (Calbiochem, London) or pancreatic ribonuclease were done at 20 "C in buffer without 'Tween' or mercaptan, adjusted to pH 6.8:with ~N-HCI. Digests were loaded immediately on to sample grids. After 10 min the grids were drained, washed with 3 drops of distilled water, drained again, and air dried before examination in the dectron microscope.
RESULTS
In apple-leaf petiole sections examined directly in the electron microscope, no dense opaque:structures were seen in any of the control samples, but heavy deposits were observed in samples treated with P-Ag (Fig. I) . Diffuse deposits were visible in the cell wall regions, and well defined particles ranging up to approximately 50 nm diameter were visible in the cytoplasm. with a clearly visible cleft between the two. These particles are very similar in size and shape to those observed in cell-free preparations. In Fig. 2 a certain regularity can also be discerned in the linear spacing of the particles, which averages about 140 nm centre to centre. These particles fall into two size groups of approximately 40 to 47 nm and 20 to 33 nm diameter. A few of the particles show internal structure in the form of dense bands which range from 0.5 to 6 nm in width; diagrams are included for clarity ( Fig. 3 and 4) . The ratio of sub-unit diameters of many of the ribosome-like particles observed was 1.6: I, a ratio very close to that measured in cell-free preparations. Isolated apple-leaf ribosomes were examined before and after treatment with P-Ag, on carbon-film grids directly, and also after being shadowed with platinum. Fig. 5 shows unshadowed ribosome-like particles from preparations treated with P-Ag. Many of the particles show a dense core surrounded by a faint halo. The core generally has a distinctly irregular outline whereas the surrounding halo is smooth. Core diameters range about 25 and 40.5 nm for the smaller and larger sub-units respectively, the overall diameters being approximately 50 to 66 nm. Shadowed samples of P-Ag-treated preparations showed many more particles than were visible in unshadowed samples. The shadowed preparations showed that ribosome suspensions treated with P-Ag contained many apparently normalsize ribosomes that occurred singly and in groups linked by thread, as in normal untreated samples. Diameters ranged from approximately 18 nm (small sub-unit) to 28 nm (large sub-unit), some variation in size being due to the effects of the shadowing technique.
Comparatively few P-Ag particles were seen in treated bacterial-ribosome suspensions, but those observed showed all the characteristics of particles prepared from apple-leaf ribosomes with the possible exception of the outer halo, which was not readily detected. The ratio of the diameters of sub-units in untreated cell-free ribosomes from plants and bacteria was approximately 1 5 1 (mean of 10 measurements), as was that of the larger 7-2 98 R. C . HIGNETT Fig. 3a and b. Bands (arrowed) observed on some particles in P-Ag-treated petioles. Bar marker represents 50 nm. silver-complexed particles. No similar large particles were observed in shadowed, untreated ribosome preparations.
Although P-Ag tended to form aggregates when concentrated, no ribosome-like particles were detected, and the aggregates were not digested by either 'Pronase' or pancreatic ribonuclease. The silver-complex particles seen in all treated cell-free ribosome suspensions were degraded by 'Pronase', giving ragged skeletal particles of up to 50 nm diameter (Fig. 6) . These particles were destroyed by additional digestion with pancreatic ribonuclease. Ribonuclease did not visibly damage intact ribosomal P-Ag particles. Ribosome-like aggregates were not formed in mixtures of P-Ag with either 'Pronase' or ribonuclease, in the absence of ribosomes.
DISCUSSION
The results show that at least part of the polydisperse fungal pigment produced by the agent of apple scab disease formed a silver complex which was taken up by apple-plant tissue in vivo, when diffuse heavy deposits were observed in the cell wall and also in ribosomelike particles in the cytoplasm. The particles were not observed in the cell wall nor in the Fungal pigment and plant ribosomes 99 intercellular spaces. Apart from the generally distributed particles in the cytoplasm, nonrandom arrays occurred in association with diffusely stained material, suggestive of membrane-bound ribosomes. The dense particles observed in leaf petiole sections showed greater heterogeneity in size, varying up to 55 nm diameter, than is observed in normal plant ribosomes. However, these particles lay exactly in the size range of plant and bacterial particles formed by treatment of isolated ribosomes with P-Ag, and were also very similar in respect of shape and ratio of sub-unit diameters, and in their occurrence only in the presence of ribosomes. The striped effect seen in some particles in situ was not readily discerned in cell-free preparations. Treated ribosomal preparations of plant and bacterial origin gave rise to ribosome-like particles which were degradable by ' Pronase' and ribonuclease, but not by ribonuclease alone. The particles observed ranged up to 66 nm diameter, approximately three-times the size of normal ribosomes. Abnormally large particles were not observed in ribosome preparations before treatment with P-Ag.
The size of shadowed apple-plant ribosomes not complexed with P-Ag contrasts with the size of the cell-free particles containing P-Ag seen alone in unshadowed preparations. The dense cores of the latter were approximately 7 nm and 12 nm bigger than the smaller and larger sub-units, respectively, of the former. Many of the particles rendered visible by shadowing were within the size range expected of normal plant ribosomes, approximately 15 to 30 nm (Bruskov & Odintsova, 1968; Miller, Karlsson & Boardman, 1966) , indicating that the larger particles containing silver seen in isolated ribosomal preparations were On: Sat, 15 Dec 2018 08:08:51 I00 R. C. HIGNETT swollen or enlarged by the adsorption process. The halo seen around unshadowed cell-free P-Ag particles suggests that the silver-complex was adsorbed internally causing them to swell, or possibly that the complex 'snowballed' loosely on to the central core. Clefts visible in P-Ag-treated $articles were similar to those observed in some ribosomes isolated from pea and bean tissues (Elruskov & Odintsova, 1968) . The skeletal appearance of cell-free particles after digestion with ' Pronase ' was reminiscent of the surface features on bacterial ribosomes revealed by the work of Hart (1969, and may provide a means of investigating ribosome morphology.
The bacterial ribosomes formed large P-Ag particles similar in all respects to those given by plant ribosomes, with the possible exception of the outer halo, which was not easily detected. This effect and the markedly smaller number of P-Ag particles formed may be linked with the type of ribosome present in the preparations used. The plant material used contained a mixed population of cytoplasmic and chloroplast ribosomes.
Aggregates were formed by P-Ag alone under certain conditions of concentration. Such non-ribosomal aggregates were characterized by their angularity, their faceted or crystalline appearance, their smooth hard outline and their random juxtaposition. Although some aggregates were observed in which stripes were visible, these features were generally very sharply defined and often occurred in sets at 45 O to each other, in crystalline fashion. Nonribosomal aggregates such as these were not readily seen in sections taken from petioles treated in vivo. On the contrary, the particles seen in Fig. 2 in particular present a uniform non-crystalline aspect in respect of size, shape and position which argues against them being random aggregates. Aggregates of P-Ag were not visibly attacked by 'Pronase', unlike the ribosome-like particles seen in treated ribosome preparations. The evidence presented thus strongly supports the suggestion that P-Ag can be adsorbed by ribosomes both in vitro and in vivo. Since the effect of silver on the immunological properties of proteins appears to be insignificant (Kolchakov & Kantardjiev, I 965) the P-Ag-ribosome adsorption reaction is unlikely to be an artefact.
The failure of various other proteinaceous materials to transport silver to the ribosome sites in vivo and the failure of free silver ion to accumulate there, strongly suggest that the silver complex was adsorbed in undissociated form. The apparently selective adsorption of P-Ag by some particles in the cell-free ribosomal preparations also supports the view that the complex was not dissociated during the experiments, and may reflect the different types of ribosome used or the: variation of ribosomal constituents noted by Craven, Voynow, Hardy & Kurland (1969) . The fact that some bacterial ribosomes adsorbed P-Ag suggests that aspects of host-parasite specificity involving fungal pigment are not expressed at the ribosomal level.
The results given here !;upport the view that the parasite elaborates substances which may interfere with the functioning of the host cell wall (and hence with solute transport) and also with host metabolisni at the site of protein synthesis. Previous work with fungal pigment and kinetin has indicated that solute transport and the hormone system of infected plants are closely associated with the scab disease, which is also affected by incident light (Hignett & Kirkham, 1967; Kirkharn & Hignett, 1973) . Plant hormones have been involved with the ribosomelpolyribosome system (Evins & Varner, 1972; Trewavas, 1968) , with RNA and protein synthesis (Srivastava & Arglebe, 1968; VonAbrams & Pratt, 1968) , and with the light incident upon the plants (Back & Richmond, 1969; Jackson & Field, 1972) . The results reported to date could be explicable in terms of effects exerted near a common locus, which it is suggested is at, or is associated with, the hormone-ribosome system.
